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USAMRL REPORT NO. 959
DA PROJECT NO. 3A061102871R

ABSTRACT

PERFORMANCE EFFECTIVENESS AND EFFICIENCY UNDER DIFFERENT
DYADLC WORK STRATEGIES

OBJECTIVE

Te determine the effects cf maximal and minimal member interdepend-
ence 2..d redundancy of task-related ability on efficiency and effective-
ness vf dyadic group performance.

METHOD

Sixty soldiers worked in dyads under & shared labor strateay or one
of two divided labor strategies on two crossword puzzles, one relatively
easy, one relatively difficult.

SUMMARY

On the average, dividing labor resuited in greater efficiency (amount
of work per man-hour), while requiring subjects to werk together resuited
in substantially greater group effactiveness (total performance). Shared
labor resulted in graater effectiveness on the easy task but not on the
difficult task.

CONCLUSION

High member interdependance maximizes redundangy of task-relevant
abilities; resulting in superior performance. Dividing labor minimizes
redundancy thereby increasing average efficiency but reducing average ef-
fectiveness, The interaction between stratcgy and task difficulty sug-
2$5t3 that the concept of task difficulty needs to be more clearly de-
Tined,
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PERFORMANCE EFFECTIVENESS AND EFFICIENCY UNDER DIFFERENT
DYADIC WORK STRATEGIES

INTRODUCTION

1t nas been argued that groups can potentially increase performance
through redundancy of ability (1,2). That is, if a task requires all
group members to wovk together and if individual performance is such that
some probability of failure to perform adequately exists, then redundancy
of ability or task relevant knowledgz increases the probability that the
task will be performed adequately. Furthermore, ac a task becomes more
difficuit the probability of performance failure presumably increases,
and so in order to maintain adequate group performance, the necessity for
redundancy also increcses. Un a very easy task the necessity for redun-
dancy disappears since the probability of an individual failing, or making
an error, approaches zero.

The amount of redundancy in a group can be manipulated in several
ways, as .uggested by Goldman (3), Laughlin, Branch and Jchnson (4), and
Steiner (5). Shiflett (6) attempted to manipulate redundancy by varying
member interdependence. He found that variations in dyadic organizational
structures resulted in different levels of performance efficiency and ef-
fectiveness. The term "efficiency" refers to group productivity in terms
of man-hours (7) while “effectiveness" refers to maximum group perform-
ance, without regard to time. This distinction is similar to the dis-
tinction made betweer speed and power in ability testing. Shiflett (6)
found that a shared tadbor organization. where both members were required
to work together, and therefore a high redundancy situation, resulted in
greater effectiveness but somewhat l¢ss ef€iciency than a divided labor
strategy, where redundancy was effectively nii, on both an easy and a
difficuit task. These findings were in contrast to the nypothesss that
divided labor wouid ba equally effective on an easy task, as well as more
aefficient, and that shared labor would be more efficient and more effec-
tive when the task was difficult. Failure to fully support these hypoth-
esas stas attributed to the particular manner in which the labor was di-
vided. Oivided 1abor groups solved crossword puzzies in wnich one member
had only vertical definitions, the other had only horizontal definitions,
and the twe members were aot permitted fo discuss their definitions with
each sther, This particular division of lebor introduced communications
and feadback difficuities by introducing relatively high task interdepend-
ence with Yo content related communicability. If one member made an ar-

ros i became more difficuit for the other menber o fil11 in his adjoining’

words and the restiriction on commnication made it difficult for members
to locate the ervor. This was garticularly true since each menber had no
way of determining whether he had made an ereor on the basis ¢¥ his own
performance; he ceuld do this only through vague communication with his
partner. A more appropriate isbor division which would 2liminate these
problems wekild be to allow each member to work on one intact haif of sash
puzzie.
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The purpose of this study was to renlicate portions of the Sihifisis
(6) study incorporating the appropriate modifications menticned above.
It was expected that on an easy task, the modified divided labor strategy
would be more efficient than the shived Tabor strategy because of the re-
duced redundancy, and that 1t woula be equally affective because redun-
dancy was not necessary. On a mpre difficult task the shared iabor strat-
egy was expected to be more effective and more efficient than the madified
divided labor strategy bacause of the necessity fsr increased redundancy.
The modified division of labor was expected to be superior %0 the original
vertical-horizontal division of labor in both efficiency and effectiveness.

METHOD

Subjects. Subjects were 60 soldiers who had just completed hasic
training. The men were assigned to the research isboratery for 6-week
periods in groups ranging from 16 to 20 men. The experiment was conduct-
ed during the second or third week of their duty at the labcratory, and
the men within each group were acquainted with cne another prior to par-
ticipaticn in this experiment. ‘“he men ranged in age from 18 to 24, and
in education from less than a high school diploma to college graduate.
Although men scoring below 100 on the Army &7 test were never assigned
to the laboratory, the mean puzzle-solving ability cf the soldiers, as
assessed by the pre-test described by Shiflett (6), was more than one
standard deviation below the ability of the college population used in
the 1972 study.

Task. Two crossword puzzles, one relatively difficuit and one rela-
tively easy, were cast in a symmetirical "skeleton" design in which each
word had either one or two letters which were not shared with any cother
word. Fach puzzle contained 48 four-letter words., No words were repeat-
ed within or across puzzles. Wnile subjects worked on the puzzles, the
experimenter observed them with a scoring sheet containing a copy of the
puzzle outline. Whenever a word was written into the puzzle, the 2xperi-
menter entered the time ints the corresponding Tocation of his own puzzle
outline. Groups worked on each puzzle for 20 min. The number of correct
words ¥illed in during each 2-min block was then fahulated, yielding word
frequencies for each of the 13 blocks during the 26 min. Hal{ of the
dyads worked the easy puzzie first, and half worked the difficult puzzle
first. At the end of each session subjects filled oqut & shert gquestion-
naire corsisting of a series of bipotar scales assessing activity ang
catisfaction,

Procedure. Subjects ware randomly paired and assigned to one of
three organizationai strategy conditions. Subjects always worked on both
puzzies using the same labor strategy. The first two conditions described
below were identical to their countarparts dascrided by Shiflett {6). The
third condition was the modified divided labor strategy.
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Shared Labor Strategy. Subjects were given a singie puzzle outline

and a single set of definitioncs. They were told that they must work
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together on each word in the puzzie and both agree on & word befors
writing it down,

Vertical-Horizontal Division of Labor Strateay. The experimenter
piaced a single puzzle outline between the subjects and explained that
one of them would wor.. only the horizontal werds and the other only the
vertical wards. Rach subject then received his set of definitions. Sub-
Jects were all. ~u to converse as much as they wished, but they could ot
indicate 49 eaun uther what was printed on their owr definition sheet.

Diagonal Division of Labor Strateqy. This condition was identical
t¢ the vertical-he+izoatal division w?tﬁ the following exception. The
puzzie outline had a line drawn diagon2lly tirough the puzzle, dividing
the autline into two equal parts. The experimerter placed the puzzle
sutline between the subjects and explained that one of them would work
only the “igrds in e area zbove the diagonal and the other only the
wrds 501 the diagonal, fach subject then received the appropriate

gt ¢V defitians. They wera allowed to talk to each other but could
+f granus: too definitions.

,m.w.lhm!n...m.nuutvmnn‘.t..ﬁim:m.‘mwmhkmﬂmwyrf.lmw-gwum.muf.@ﬂwmmm?,*-.{rwmtm'uz:sbm\%tfb»&fof&}:’&'ﬁaﬂw“&i&.\mﬂMFMWMM&WM%‘ AN b &

E 2mSULTS

é, The number of words compietad per 2-inin period was calculated for

e each group, and constituted the measure of group performance. These data
% we!. cubmitted to a 4-way analysis of variance with repeated measures on
3 two tactors. The summary of this analysis is -resented in Table 1. &f-

oY b

fects of Time, Difficulty, and Strategy were significant., as were ali

Wtk

E three 2-way interactions involving these facte-s. On the average, more
: words were correctly completed on the easy puz'le per 2-min block than on
4 the difficult puzzle {3.27 vs, 2.26). The mean number of words per 2-min
block declined significantly from a high of 6.31 during the first 2 min
= te 1.06 words during the last 2 min, suggesting that the tasks became mare
% d, Fficult as work progressed. Shared labor praducad the hichest level of
perfermance with an average of 3.27 words per Hlock; vertical-horizontal
division »f labor produced the lowest Tevel of performance with an average
of 2.25 words per block; the diagonal division of Tabor was intermediate
in performance with 2,79 words par block. The Studentized range statistic
indicated that each of these thiee means was significantly different from
the others at the .01 Tevel. This result thus substantiatea the hypothesis
that dividing labor vertically and horizontally produced poorer group ef-
fectiveness than a dfagonal division. However, contrary to the prediction
that the shared laber and diagonal division of Tabor would be equally ef-
fective was the finding that shared labor was significantly more effective
than either of the divided labor strategies.
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The Time by Difficulty interaction indicated that performunce on the :
2asy puzzle was significantly greater than on the difficult puzzle during i
the first & min but not during the subsequent 14 min. The Strategy by -
Difficulty interaction indicated that on the easy task, shared iabor ser-
furmance was significantly greater than performsnce under either of the

3 <




. T = T R Rty Ko ey, A
B o R R AR O N R A B R T B T R A T T T R T RO R A R T BRI U AR TR
5

x4
3

TABLE 1 ~

SUMMARY OF ANALYSIS OF VARITANCE OF PERFORMANCE %

Source df MS F %

Between Subjects %
Order (0) 1 5.23 <1 §
Strategy (S) z 52.08 5.190% 2
0xS 2 1.3 <1 2
Error (Between} 24 10.04 “g
Within Subjects 2
Time {T) 9 204.01 47.292%%x P
Tx0 9 2.14 < 1 :’é
TxS 18 20.53 4. 759%*x g
Tx0xS$ 18 4.43 1.028 E
Errer (T x Ss Within) 216 4,51 3
¥

Difficulty (D) ] 154.03 177.591%n* E
DxG 1.33 1.249 3
DxS 2 5,59 6. 787%% :
Dx0OxS 2 1.73 1.950 3
Error {D x $¢ Within) 24 87 E
TxD 2 8.28 2.548%* g
TxDx0 9 2.79 a1 §
TaDdxs 18 3,56 < 1 ;
TxDx0x§ 18 1.75 < 3
Error (TD x S5 Within} 216 3.25 3
< .08 g
¥y o 01 El
**%p < 003 §
ividad labor stratsyizs, whereas on the diffizult task, shared lasbor f
nerformence and diagonal divisien of labor both exceeded vertical- :
horizontal division of ilabor, but did not 2iffer from pach other. In E
other words, the shared labor strategy rasulted in graater effectiveness 3
than divided Tahor on the easy task but not on the difficult task, there- 3
by contradicting the basic hypochuesis regarding the interactisn between 3
strategy and task difficuity. 3
%
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The Strategy by Time intaraction, shown in Figure 1, indicated that

during the first § min, disgonai division of Jabor yialded battar go,r- '
forance than shared or verticil-horizontal diviston of labor, while e
after 8 min, shared ‘labor performance exceeded that of both divided la- A
bor conditfons. The varticel-horizontal divided labor performance gen- 4
erally parailelad shared labor performance during the first € min but E
ciosely paraileled diagonal division performance from minute 8 to 20, E
%
3 COnmuma® SHAKED LABOR ;;%
- Socmves) DIAGUNAL CIVISION OF LALOR . 3
g 7.0+ Ammeod YIRTICAL-HORIZONTAL DIVISION OF 1AROR %
" 5
0 3
$.0 = k;
z 3
o 5.0 « g
g 4.0+ g
& 5
s 2

z 204
3 %
* 1.0~ ;S:
k3
¢ LI - ¥ L o B ¥ L T 1 %
2 4 & ? 10 12 14 16 18 20 %
TIME (MINUTES) §
g
Fig. 1. Mean group performance across time for tires different gg
Tabor strategies. g
3
The significant differences between shared labor and diagonal divisfon of §
labor and the change in the sign of tha mean differances constitute sup- - 3
gort for the ivpothesis that division of labor is more efficient but, 3
given enough time, shared labor ¢ould equal that performance. In fact, 2
shared labor performance significantly exceeded that of divided Tabor 5
during the Tast half cf the session. This effect is more clearly shown 3
in terms of "efficiency” in Figure 2, whera the performance scores are
5
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ig. 2. Cumulative group performence for sach isbor sirategy.

cumulated over time. The diagonal division was clearly more afficient
during the first half of the experimental session while the shared labor
condition wac more effoctive during the last half. The depressed vertical-
horizontal divided 1abor curve suggests that this type of labor division
created a much more difficult situation for the subjects.

Time-to-criterion scores were obtained to test tha hypethesis that
when parformance effectiveness was equated, divided Tabor would be more
efficient than shared labor. Performance on the difficult task was at
such & Tow level that an analysis o7 time dats for this task was nat
attempted. On the easy task a criterion of 25 words® was used, vequiring
that two groups from cack of the three sirategy conditions bz dropped from
the analysis. In addition, times to sub-criteria (5, 10, 15 and 20 words)

“As contrasted with a simiier criterion of 45 words for tha same type
of analysis used in tha previous study fnvolving college students (6).
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ware chtained ard 2 analysis of vartance containing two factors, Strat-
egies and Criteria, wrs performed on the time scores. The summary of this
anailysis is presented in Table 2. Diagonal division of Tabor was the mest
afficient organization requiring €.75 min Lo reach criterion while vertical-
horizontal diviston ~f labor was j2ast afficient using 74.35 min to reach
criterion. Shared labor was intemediu~ in effic’ency, requiring 9.35

min to reach criterion. The extent to which we--sical-horizontal division
of Tabor increased inefficiency is thus clearly dencrstrated. In addition,
the added efficiency of the diagonal division of labor {is app»sent; Lowever,
2 Newman-Keuls test indicated that the difference between diagonel 33 /¢s%3n
and shared Tabor means did not reach significance at the .05 level. The
significant Criteria effect refiected a general increase in the amount of
time to 111 in five words as the 25-word criterion was approached. The
significant interaction between Criteria and Strategies indicates that

this affect is true for the divided labor strategies but not for the

anared labor stiategy which maintained a much more consistent patterm cf
performanca across criteria,

TABLE 2
SUMMARY OF ANALYSIS OF VARIANCE OF TIME-TO-CRITERION SCORES

af i} £

Strategy (S) z 24.01 7.80%*
Error (Batween) 21 3.08

Criteria (C) 4 6.63 3.03*
SxC 8 4,22 2.12*
Error (Within) 56 1.99

tp < .05

**p < 01

The questionnaire {tems were combined to form "activity levei", "in-
terpersonal refations” and “task satisfaction" scores in a simple summa-
tion procedure described praviously by Shifiett {6). The an3lysis of
variancs of the activity level scores indicated that diagoral division of
labor produced significantly lower activity ratings than did eftner the
vertical-horizontal Tabor division or the shared labor condition (F =
13.054, df = 2/24, p < .001). Vertical-horizontal Yazbor division and
shared labor produced virtually identical activity level ratings of
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227.05 and 227.85 (vs. 186.40 for diagenal labor division). The sub-
stantial difference in task ?erformance for these two conditions, coupled
with their similar activity levels confirms the hypothesized deletarious
effects of high task interdependence and low communicability.

The different labor strategies also significantly affected reported
interpersonal relations (F = 13.453, df = 2/24, p < .001), with chared
labor producing the most positive ratings and diagonal division of labor
producing the least positive ratings. This latter result, occurring among
previously acauainted subjects, probably reflects the fact that there was
very 1ittle interaction of any kind in the diagonal division of iabor as
a result of experimentally manipulated restrictions on communication. The

analyfis of variance of task satisfaction ratings produced no significant
o ratios,

S13CUSSION

The results have clearly demonsiratad the supovio ' of the diag-
onal division of labor over the horizontal-verticai division wilh respect

3 to both efficiency and effectiveness. The contention that the Tatter di-
3 vision introduced problems of high task interdependence with low communi-
cability thus apEears to pe supported. These resuits also suggest that

3 definite feedback regarding performance myy substantiaily improve both

3 efficlency and effectiveness. The same basic pattern of' results reported
% by Shiflett (6) was obtatned for the shared labor and diagonal division

5 of labor: the divided Tabor strategy was generaily more ef¢i-jent while

the shared Tabor strategy was more effective. The hypothesic that di-
vided labor would be equally effective on an easy task was not supported
since shared labor was more effective on both the easy and difficult tasks.

= The superiority of the shared labor streteqy may lie in the redundan-
¢y of the abilities of the two members which increased the probability
that at least one member will have the correct sclution, as suggested by
: Zajonc and Smoke (2). However, on the more difficuit task, the shared
labor strategy, in which redundancy is maximized, failed to yield per-
formance which significantly excueded divided labor performance, where

3 redundancy is effectively nil. This fact argues against the Zajonc and
- Smcke hypothesis and sugdests that there may be a curvilinear relation-
ship ir which at the very easy and very difficult extremes redundancy is
of 1ittle vaiue, while at tihe intermediate levels redundancy {s a major
factor in increasing performance. At the easy extreme, overlapping abil-
ity is maximal but anyone working alone can do the same job as several
persoris working together while at the difficult extreme what {s becoming
highly redundant is not abilitly but the lack of it.
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As shown in Figure 2, the verticzl-horizontal division of labor per
formance curve never exceeds the shared labor or diagonal division of la-
bor curve. -in the original study, vertical-horizontal division of labor
did exceed shared labor performance during the first few minutes and oc-
3 cupied an almost identical relationship relative to shared labor as does
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the present diagonal division of labor performance., It thus seems likely
that had the diagonal division of labor been used in the original study,
whaa averas ability was mich higher, the hypothesis regarding effic-
lency of diyiding labor would have been aven more cleariy supported.

Inspection of Figure 1 indicates that, in terms of mean performance,
the puzziss strongly differ in difficulty only during the first 6 to 8
min. After that time the difference in difficuity is small and non-
significant. This same finding occurred in the original study, but ths
strong ceiling effect on performance which occurred there cbscured this
fact. Little, if any, ceiling effect operated in the present study, due
primarily to the much lower ability level of the subjects {only twoe groups
completed the easy puzzie). In general, there was 1ittie difference in
difficulty between the two puzzies, as defined by word frequency, during
the latter two-thirds of the experimental pericd. The {nitially large
di fferences 1n performance caused the tasks to remain significantly dif-
ferant in performance and, thzrefore, in perception of difficulty.

An additional problem with the definition of difficulty exists in
the deciine in performance over time which occurred on both the easy and
the difficult task. This effact also occurred in the Shiflett (6) study,
but was cbscured by the fact that performance rapidly reached a maximal
or nesr maximal level on the easy *- % due to the fact that so many groups
nearly fiin.shad the task within Tv min. In tne present study, perforu-
ance again apprcached an usymptote. but the much Tower level of perform-
ance here suggests that the ceiling effect is a reflection of lower abil-
ity levels rather than a task-imposed lindtation., The substantially
lower performance levels of the present groups, as compared with the
previous groups, are consistent with the differences in pre-tést ability
levels and suggests that both tasks were, on the average, move difficult
for the present ubjects than for the original subjects. To the extent
that performance level reflects task difficulty 1t can be argued that the
difficulty of the task (fil1ling in the remaining words) increases as the
work proceeds. This effect probably reflects a tendency for subjects to
111 in the easies words first and progress to the more difficult words
within a puzzle.

A final and more general problem exists in the definition of task
difficulty. The crossword puzzles were definad as if the property of
task difficulty existed independently of the ability level of the indi-
viduzls working on the puzzie. This is probably adequate in an ordinal
sens2 since the difficult puzzlie is relatively more difficult than the
easy puzzle for almost all of the subjects used in these twe studies, in
terms of both performance and rating of difficulty. However, difficulty
{s alsc ciosely related to the relevant ability of the individual working
on the task. Thus a task may be seen as difficuilt or even impossible to
a person with 1ittle task-relevant ability but be seen as rather easy to
a person with high ability. This same difference in perception can be ex-
pected to be refiacted in actual task performance. Task difficulty, then,

is relative to individual ability. Task difficulty can be defined reiative
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to other tasks and relative to the ability of the persons performing the %
task. It has alsc been demonstrated that task difficulty may change in .
the course of working on the task. The failure to find that redundancy %
substantially aided group performaice in the difficult task but instead
was rore helpful on the easier tisk was perhaps the most surprising re- %
sult of this study. In 1ight of this finding, efforts to understand just &
how group organization and the distribution of resources within & group :
affect group performance and procass may have to consider more carefully
3
i
3
]
b
3

the effect of the interaction between task difficulty and member ability
on those dapendent variables.
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